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Introduction {#jcsm12504-sec-0005}
============

Countries with longevity societies, such as Japan, face health problems associated with the increased proportion of their older population. In these countries, one of the most serious social issues is frailty, characterized by a decrease in physiological reserve and resistance to stressors, as well as increased vulnerability to adverse events.[1](#jcsm12504-bib-0001){ref-type="ref"} Frailty is considered a major public health challenge of the 21st century. Recently, frailty has been recognized as a multidimensional phenotype that includes physical frailty, psychological decline, and sociological frailty.[2](#jcsm12504-bib-0002){ref-type="ref"}, [3](#jcsm12504-bib-0003){ref-type="ref"} Furthermore, it has been suggested that sarcopenia may be the primary or one of the major components of frailty, especially physical frailty. Recent meta‐analyses have found that sarcopenia is associated with negative health outcomes, such as functional decline and mortality.[4](#jcsm12504-bib-0004){ref-type="ref"}, [5](#jcsm12504-bib-0005){ref-type="ref"} In addition, frailty increases the cost of medical and/or health care services. Therefore, preventing sarcopenia and/or frailty is important to maintain the independence and quality of life of the older population.

Resistance training has been considered the most effective intervention to increase muscle mass and strength in older people.[6](#jcsm12504-bib-0006){ref-type="ref"}, [7](#jcsm12504-bib-0007){ref-type="ref"}, [8](#jcsm12504-bib-0008){ref-type="ref"} In particular, resistance training with a high load \[\~80% one‐repetition maximum (1RM)\] is well known as an effective prevention for sarcopenia.[9](#jcsm12504-bib-0009){ref-type="ref"}, [10](#jcsm12504-bib-0010){ref-type="ref"} However, resistance training with a high load requires exercise facilities (e.g. exercise machines) and supervised instructions in most cases. Therefore, it may be difficult for many community‐dwelling older adults to perform high‐load resistance training, as they may not have access to facilities or instruction. On the other hand, low‐load exercise requires minimal equipment and does not require specialized facilities. Meanwhile, several studies have found hypertrophic effects of low‐load resistance training in older adults. Watanabe *et al*. reported that low‐load resistance training with a slow movement protocol (30--50% 1RM, 8--13 repetitions × 3 sets) led to significant increases in muscle size and strength in robust older participants.[11](#jcsm12504-bib-0011){ref-type="ref"}, [12](#jcsm12504-bib-0012){ref-type="ref"} Van Roie *et al*. also demonstrated that low‐load resistance training with high volume (20% 1RM, 80--100 repetitions × 1 set) caused muscle hypertrophy in older adults.[13](#jcsm12504-bib-0013){ref-type="ref"} In addition, other studies have found that muscle mass and physical function can be improved by increasing physical activity[14](#jcsm12504-bib-0014){ref-type="ref"} and/or imposing an additional load during daily activities using a slightly weighted shoe in the older adults.[15](#jcsm12504-bib-0015){ref-type="ref"} Therefore, an intervention programme based on these findings may be useful as a population‐based approach for community‐dwelling older adults to prevent sarcopenia.

Nutritional status has also been considered an essential factor to counteract sarcopenia. In particular, protein intake has been considered important for older individuals. Previous studies reported the connection between dietary protein intake and the maintenance of muscle mass,[16](#jcsm12504-bib-0016){ref-type="ref"}, [17](#jcsm12504-bib-0017){ref-type="ref"} muscle strength, and/or performance[18](#jcsm12504-bib-0018){ref-type="ref"}, [19](#jcsm12504-bib-0019){ref-type="ref"} in community‐dwelling older adults. Clinical guidelines for sarcopenia, supported by the Japanese Association on Sarcopenia and Frailty, recommend proper nutritional intake in addition to exercise for prevention and/or improvement of sarcopenia.[20](#jcsm12504-bib-0020){ref-type="ref"}, [21](#jcsm12504-bib-0021){ref-type="ref"} Furthermore, oral function, such as feeding and swallowing, is an important factor for nutrition intake.[22](#jcsm12504-bib-0022){ref-type="ref"} Oral dysfunction has been found to be strongly associated with dysphagia.[23](#jcsm12504-bib-0023){ref-type="ref"} Kikutani *et al*. reported that oral functional training, such as training of the tongue, lips, and cheeks, improved oral function and nutritional condition.[24](#jcsm12504-bib-0024){ref-type="ref"} Therefore, it is desirable that elements of oral function and nutrition, in addition to exercise, be incorporated into an intervention programme for sarcopenia prevention.

The Ministry of Health, Labour and Welfare of Japan presented the importance of comprehensive community‐based approaches to reduce the number of older adults certified for long‐term care and the associated costs.[25](#jcsm12504-bib-0025){ref-type="ref"} In accordance with the Ministry of Health, Labour and Welfare report, our research group designed a comprehensive geriatric intervention programme (CGIP) consisting of resistance exercise, physical activity increments, oral functional care, and a nutritional guide. Using this CGIP, we conducted a cluster‐randomized controlled trial (RCT) in Kameoka City, Kyoto Prefecture, Japan. The aim of this research paper was to evaluate the effects of a 12 week CGIP on daily physical activities, physical functions, and skeletal muscle size, in community‐dwelling older people. We also compared the effects between a self‐monitoring supervised and a self‐monitoring unsupervised programme delivery approach. We hypothesized that a CGIP with supervision would be more effective than one without supervision, although both types would improve the aforementioned variables.

Materials and methods {#jcsm12504-sec-0006}
=====================

Participants {#jcsm12504-sec-0007}
------------

We launched a population‐based study (Kyoto‐Kameoka Study) in July 2011. The target population was 16 474 of 19 424 community‐dwelling older individuals, who did not have a long‐term care certification, in Kameoka City.[26](#jcsm12504-bib-0026){ref-type="ref"} The following is a brief account of the study protocol.[27](#jcsm12504-bib-0027){ref-type="ref"} The Kameoka City office staff member who was not involved in the measurement or the intervention randomly selected 10 intervention regions from a total of 21 in Kameoka City (*Figure* [1](#jcsm12504-fig-0001){ref-type="fig"}). One investigator of our research group allocated the 10 intervention regions randomly (one‐to‐one allocation ratio) into a self‐monitoring CGIP with either a weekly supervised class‐styled (CS) group (five regions) or a home‐based (HB) group (five regions).[27](#jcsm12504-bib-0027){ref-type="ref"} The CGIP was intended to modify health behaviours and was susceptible to neighbourhood factors. Therefore, in order to ensure unbiased estimation of intervention effects, we adopted a cluster‐RCT approach in order to minimize potential social interactions between participants and intervention arm contamination.[28](#jcsm12504-bib-0028){ref-type="ref"}

![Intervention and non‐intervention regions in Kameoka City. CS, class‐styled; HB, home‐based.](JCSM-11-26-g001){#jcsm12504-fig-0001}

On 14 February 2012, we sent postal invitations to the 4831 older people living in the intervention regions inviting them to attend a physical check‐up. From those invited, a total of 1463 took part. The physical check‐up was conducted at a community centre in each intervention region between March and April 2012. An additional examination was conducted in September 2012. After receiving their check‐up results and an explanation of the intervention programme, 526 older adults expressed willingness to participate in the CGIP. Two hundred and fifty‐one individuals were set to the CS group and 275 to the HB group according to their region of residence (*Figure* [2](#jcsm12504-fig-0002){ref-type="fig"}). The participants played no part in choosing the programme or their group. Because CS and HB interventions were explicitly different from each other and easily distinguished by investigators, the current study was set as unblinded trial. The CONSORT 2010 checklist is displayed in Supporting Information, *Table* [S1](#jcsm12504-supitem-0002){ref-type="supplementary-material"}.

![A flow chart of the cluster‐RCT. CS, class‐styled; HB, home‐based; LTC, long‐term care; RCT, randomized controlled trial. Cluster‐RCT \#1: Long‐term comparison between 10 intervention regions and 11 non‐intervention regions (LTC certification, medical cost, and mortality); cluster‐RCT \#2: short‐term comparison between the CS (five regions) and HB (five regions) groups (daily physical activities, physical functions, and skeletal muscle size). This research paper reported the results of the cluster‐RCT \#2.](JCSM-11-26-g002){#jcsm12504-fig-0002}

All participants were fully informed of the purpose, procedures, and risks of the study and provided written informed consent before participation. The ethics committee of Kyoto Prefectural University of Medicine and the National Institute of Health and Nutrition approved the study protocol (RBMR‐E‐372 and NIHN187‐3). This study has been registered in a clinical trial database (UMIN000008105).

Comprehensive geriatric intervention programme {#jcsm12504-sec-0008}
----------------------------------------------

The detailed protocol of the CGIP was recently reported elsewhere.[27](#jcsm12504-bib-0027){ref-type="ref"} The programme included the following four elements: low‐load resistance exercises using body weight and/or elastic band, physical activity increments (up to 2500 steps/day from baseline), oral functional care, and a nutritional guide. In the first and second weeks of the intervention period, all participants were encouraged to take part in two 90 min lectures that included instructions on exercise, a professional dental hygienist lecture, and a professional dietitian lecture. Together, a certified strength and conditioning specialist (CSCS) from the National Strength and Conditioning Association and a physical therapist designed the resistance exercise programme. It was composed of eight exercises (e.g. squats, single leg raises, and side raises) with multiple sets (Supporting Information, *Figure* [S1](#jcsm12504-supitem-0001){ref-type="supplementary-material"}). A slow movement method[11](#jcsm12504-bib-0011){ref-type="ref"}, [12](#jcsm12504-bib-0012){ref-type="ref"}, [29](#jcsm12504-bib-0029){ref-type="ref"}, [30](#jcsm12504-bib-0030){ref-type="ref"} was applied to these resistance exercises. In addition, a single set that was to be performed quickly was added to the three lower‐limb exercises after 5 weeks. The CSCS from our research group supervised all exercise instructions. During the lectures, three exercise materials (a triaxial‐accelerometer, a single set of 500 g ankle weights, and an elastic band; Supporting Information, *Figure* S2) and daily self‐monitoring logs (Supporting Information, *Figure* S3) were provided to all participants. All participants were instructed to record their daily step counts, the resistance exercise and oral motor exercise status (did or did not perform), and nutrition status as part of the log.[27](#jcsm12504-bib-0027){ref-type="ref"}

After the third week of the intervention period, the CS group attended weekly 90 min supervised exercise sessions and was instructed to carry out the programme independently on the other days. The HB group was provided instructions on the programme but did not receive supervision. Between the fifth and sixth week of the intervention period, the HB group was offered an optional lecture. The participants in the HB group carried out the programme independently at home. The only difference between the two types of intervention was weekly supervised sessions after the third week for the CS group. All lectures and sessions were held at the community centres of each region in Kameoka City. Six members of our laboratory including the CSCS, health fitness programmer, and physical therapist managed all lectures, weekly sessions for CS group, and optional lecture for HB group. They delivered the exercise programme instructions in the lectures and sessions. The community‐dwelling volunteers supported the operation of the lectures and sessions. The number of participants in each lecture and session ranged between 6 and 30. We asked the participants not to perform the CGIP if they had a pain or unfavourable health condition. The educational leaflets for the CGIP are available for free download as supplemental documents of our paper,[27](#jcsm12504-bib-0027){ref-type="ref"} and the exercise and oral care programmes are available online as movie files (<http://www.kyoto-houkatucare.org/kaigo-yobou-manual/>).

Outcome measures {#jcsm12504-sec-0009}
----------------

Physical functions and lower‐limb muscle size were the primary outcome measures. In this study, a battery of physical function tests composed of grip strength, knee extension strength (KES), normal and maximum walking speeds, timed up‐and‐go (TUG) test, five‐time chair standing test, 30 s chair standing frequency, functional reach test, chair stepping test, and a vertical jump index (VJI) was conducted. Muscle thickness (MT) was also measured as a biomarker of muscle mass in the lower limbs as the anterior thigh muscles are considered representative muscles used in daily life activities. These measurements were carried out before and after the 12 week intervention, as described elsewhere.[31](#jcsm12504-bib-0031){ref-type="ref"}, [32](#jcsm12504-bib-0032){ref-type="ref"}, [33](#jcsm12504-bib-0033){ref-type="ref"}, [34](#jcsm12504-bib-0034){ref-type="ref"}, [35](#jcsm12504-bib-0035){ref-type="ref"}, [36](#jcsm12504-bib-0036){ref-type="ref"}, [37](#jcsm12504-bib-0037){ref-type="ref"}, [38](#jcsm12504-bib-0038){ref-type="ref"} Members of our laboratory and staff, who were trained by our researchers, conducted these measurements. There were no changes in trial outcomes after the trial commenced.

Grip strength was measured using the Smedley Hand Dynamometer (Grip‐D, TKK5401; Takei Scientific Instruments, Niigata, Japan).[31](#jcsm12504-bib-0031){ref-type="ref"}, [32](#jcsm12504-bib-0032){ref-type="ref"}, [33](#jcsm12504-bib-0033){ref-type="ref"} Two trials at maximum effort, separated by a brief rest period, were performed for each hand separately, and the mean value of the higher grip strength for each hand was used for analysis.

Knee extension strength of the right leg at an angle of 90° (0° representing full extension) was measured in a sitting position on a custom‐made dynamometer chair (TKK5710e; Takei Scientific Instruments Co, Ltd, Niigata, Japan).[31](#jcsm12504-bib-0031){ref-type="ref"}, [32](#jcsm12504-bib-0032){ref-type="ref"}, [34](#jcsm12504-bib-0034){ref-type="ref"} After the participants were familiarized with the test procedure, two trials at maximum effort were made with a 1 min recovery period. The greater value obtained was used for analysis.

The walking test was conducted, and the time (in seconds) was measured using a stopwatch.[31](#jcsm12504-bib-0031){ref-type="ref"} The walking test of a 10 m distance at normal and maximum speeds was repeated twice. The walking speed (in m/s) was calculated as 6 m divided by the walking time, excluding the first and the last 2 m. The 6 m walking time was measured during the first trial for both speeds. In cases of measurement failure of the 6 m walking time, a repeat measurement was conducted during a second trial.

The time (in seconds) of TUG was measured using a stopwatch.[35](#jcsm12504-bib-0035){ref-type="ref"} The participants were asked to stand up from a standard chair, walk a distance of 3 m at maximum pace, turn, walk back to the chair, and sit down as quickly as possible. They were also instructed not to run during the procedure.

The five‐time chair standing test and the 30 s chair standing test were conducted.[31](#jcsm12504-bib-0031){ref-type="ref"} The participants were instructed to stand up and sit down as quickly as possible on a firm, padded, armless chair. The five‐time sit‐to‐stand time was measured using a stopwatch, and the number of repetitions for 30 s was counted.

The functional reach test[31](#jcsm12504-bib-0031){ref-type="ref"} was performed using the functional reach device (TKK5802; Takei Scientific Instruments Co, Ltd, Niigata, Japan). The participants were asked to stand straight, put the left arm at the side of the body, and the right arm forward horizontally (basic posture). They were then instructed to reach out as far as possible in front of them. Two trials were performed with a brief rest period in between, and the longer distance obtained was used for analysis.

Chair stepping for 20 s was assessed.[31](#jcsm12504-bib-0031){ref-type="ref"} The participants were instructed to sit on a chair, fully adducting their knees, and holding the sides of the chair with both hands, letting the feet work freely. Both feet were placed within two parallel lines 30 cm apart on the floor as the starting position. The participants then opened and closed their feet as quickly as possible without stepping on the lines.

Vertical jump height was measured using a jump gauge (Jump Meter‐MD, TKK5106; Takei Scientific Instruments, Niigata, Japan).[31](#jcsm12504-bib-0031){ref-type="ref"}, [33](#jcsm12504-bib-0033){ref-type="ref"}, [36](#jcsm12504-bib-0036){ref-type="ref"} After familiarization with the procedure, each participant performed two maximal jumps with lower‐limb counter‐movement. Arm swings were allowed in the first jump, while the second jump was performed with hands on the waist. The higher value was used for analysis. The VJI was calculated by multiplying jump height and body weight (m × kg).[37](#jcsm12504-bib-0037){ref-type="ref"}

Muscle thickness of anterior portions of the right thigh (i.e. knee extensor muscles) was measured using B‐mode ultrasound imaging.[34](#jcsm12504-bib-0034){ref-type="ref"}, [38](#jcsm12504-bib-0038){ref-type="ref"} Transverse images were obtained using a B‐mode ultrasound imaging device (SonoSite 180 Plus; SonoSite Japan, Tokyo, Japan) and a multi‐frequency linear transducer (5--10 MHz). The measurements were made with the participants standing completely relaxed. The measurement position was the midpoint between the lateral epicondyle of the femur and the anterior superior iliac spine. The scanning head was pre‐treated with a water‐soluble transmission gel that provided acoustic contact without compressing the skin surface. The measurements were repeated twice (a third trial was performed if there was a difference \>2 mm between the two measurements), and the median of these values used for analysis. Two investigators, who were research experts trained in the technical aspects of using the ultrasound machine, performed the measurements. The intra‐class correlation coefficient and mean coefficient of variation for the evaluations were 0.994 and 1.485%, respectively. In addition, the inter‐class correlation coefficient was 0.991.

The secondary outcome was physical activity. The total number of steps per day and moderate‐to‐vigorous physical activity was evaluated using a triaxial‐accelerometer.[39](#jcsm12504-bib-0039){ref-type="ref"}, [40](#jcsm12504-bib-0040){ref-type="ref"}, [41](#jcsm12504-bib-0041){ref-type="ref"} Moderate‐to‐vigorous physical activity was obtained by multiplying metabolic equivalents with hours (METs × hour). In accordance with the Exercise and Physical Activity Guide,[42](#jcsm12504-bib-0042){ref-type="ref"}, [43](#jcsm12504-bib-0043){ref-type="ref"}, [44](#jcsm12504-bib-0044){ref-type="ref"}, [45](#jcsm12504-bib-0045){ref-type="ref"} we calculated the percentage of participants with \>10 and \>23 METs × hour/week.

Sample size calculation {#jcsm12504-sec-0010}
-----------------------

This study was planned with an effect size of 0.35, a significance level of 0.05, and a power of 95%. Thus, at least 214 participants were needed for each group to detect a difference between conditions. In this study, the 526 older adults were randomized, by region, into one of two groups (251 in the CS group and 275 in the HB group). Therefore, the sample size of this study was sufficiently large to detect statistically significant differences.

Statistical analysis {#jcsm12504-sec-0011}
--------------------

Statistical analyses were performed using SPSS (version 22.0; SPSS Japan, Tokyo, Japan). Physical characteristics and physical function values are reported as mean ± standard deviation. Adherence to the sessions and daily log returns are reported as medians and interquartile ranges. In order to investigate the minimum effects of the CGIP, the intention‐to‐treat principle was used. Specifically, if the outcome value was missing for the participant, we inserted the baseline value for that outcome (i.e. the last observation carried forward approach).[46](#jcsm12504-bib-0046){ref-type="ref"}, [47](#jcsm12504-bib-0047){ref-type="ref"} All variables obtained were analysed with a repeated two‐way analysis of variance (group × time) using a Bonferroni post hoc procedure. In addition, the effect size was calculated to evaluate the clinical significance of the CGIP using mean and standard deviation values, before and after the intervention. The differences in sex ratio, adherence, and daily log returns between the groups were analysed using χ^2^ or Mann--Whitney *U* test. Baseline mail survey and the post‐intervention questionnaire survey were analysed using χ^2^, Fisher\'s exact, or Mann--Whitney *U* test. For all statistical tests, *P* \< 0.05 was considered significant.

Results {#jcsm12504-sec-0012}
=======

Of 526 older adults identified, 517 (CS 243, HB 274) were enrolled (*Figure* [2](#jcsm12504-fig-0002){ref-type="fig"}). Demographic status based on baseline mail survey[26](#jcsm12504-bib-0026){ref-type="ref"} in both groups is described in *Table* [1](#jcsm12504-tbl-0001){ref-type="table"}. There were significant more people who took medicine in the CS group than the HB group (*P* = 0.032). Some self‐reported diseases such as diabetes (*P* = 0.004), osteoporosis and arthropathy (*P* = 0.012) were significantly higher in the CS group compared with the HB group. Nine (CS 8, HB 1) did not participate in the physical function measurements before the intervention and were excluded from the analysis. There were no changes in methods such as eligibility criteria after trial commencement. No significant harms, unintended side effects, or health‐related problems reported by the participants in the intervention programme were observed throughout the whole intervention period, although a few participants had exercise‐induced muscle pain in the early weeks of the programme.

###### 

Baseline characteristics of health‐related variables

                                                                            CS (*n* = 251)   HB (*n* = 275)   *P*‐value                
  ------------------------------------------------------------------------- ---------------- ---------------- ----------- ------------ -------
  Education attainment (y)                                                  227              12.3 ± 2.6       250         12.2 ± 2.6   0.754
  Lives alone (%)                                                           239              25 (10.5)        261         27 (10.3)    0.632
  Poor subjective economy status (%)                                        238              153 (64.3)       267         167 (62.5)   0.712
  Good self‐reported health (%)                                             239              210 (87.9)       265         233 (87.9)   1.000
  Current drinker (%)                                                       245              103 (42.0)       269         100 (37.2)   0.279
  Current smoker (%)                                                        244              15 (6.1)         264         16 (6.1)     1.000
  Arthralgia (%)                                                            244              93 (38.1)        269         104 (38.7)   0.899
  Good sleep quality (%)                                                    248              189 (76.2)       270         196 (72.6)   0.346
  Taking medication (%)                                                     240              203 (84.6)       256         197 (77.0)   0.032
  Self‐reported diseases being treated or have sequelae (medical history)   251                               275                      
  None (%)                                                                                   16 (6.4)                     38 (13.8)    0.006
  Hypertension (%)                                                                           93 (37.1)                    96 (34.9)    0.649
  Stroke‐related disease (%)                                                                 8 (3.2)                      7 (2.5)      0.795
  Cardiovascular diseases (%)                                                                26 (10.4)                    37 (13.5)    0.286
  Diabetes (%)                                                                               33 (13.1)                    16 (5.8)     0.004
  Dyslipidaemia (%)                                                                          38 (15.1)                    26 (9.5)     0.061
  Pneumonia, bronchitis (%)                                                                  10 (4.0)                     11 (4.0)     1.000
  Gastrointestinal, liver, or gallbladder diseases (%)                                       25 (10.0)                    26 (9.5)     0.883
  Kidney or prostate diseases (%)                                                            13 (5.2)                     20 (7.3)     0.323
  Osteoporosis, arthropathy (%)                                                              51 (20.3)                    33 (12.0)    0.012
  Fall, fracture (%)                                                                         9 (3.6)                      6 (2.2)      0.434
  Cancer (%)                                                                                 10 (4.0)                     7 (2.5)      0.461
  Blood or immune diseases (%)                                                               4 (1.6)                      3 (1.1)      0.615
  Depression (%)                                                                             3 (1.2)                      3 (1.1)      1.000
  Dementia (%)                                                                               3 (1.2)                      2 (0.7)      0.673
  Parkinson\'s disease (%)                                                                   0 (0.0)                      0 (0.0)      ---
  Eye‐related diseases (%)                                                                   36 (14.3)                    50 (18.2)    0.234
  Ear‐related diseases (%)                                                                   16 (6.4)                     15 (5.5)     0.655
  Other diseases (%)                                                                         25 (10.0)                    35 (12.7)    0.319

Education attainment is expressed as means ± standard deviation and using *t*‐test for statistics. Depression and dementia are expressed as number (rate) and using Fisher\'s exact test for statistics. Others are expressed as number (rate) and using χ^2^ test for statistics. CS, class‐styled; HB, home‐based.

*Table* [2](#jcsm12504-tbl-0002){ref-type="table"} shows the physical characteristics and adherence to the intervention in both groups. No significant difference in sex ratio was observed between the groups (*P* = 0.720). The median attendance rate for both initial lectures was 100% for both the CS and HB groups. In the CS group, the median adherence to the weekly sessions, including the two lectures, was 90.9% (75--100%). In the HB group, 69.0% of the participants took part in the optional session held in the fifth or sixth week of the intervention period. A total of 409 out of 517 participants took part in the measurements after the intervention. There was a significantly higher attendance rate in the CS group than in the HB group (CS 84.4%, HB 74.5%; *P* = 0.004). The median rates of daily log return during the intervention period were 100% (67--100%) in the CS group and 100% (50--100%) in the HB group. No significant difference was observed between the groups in the daily log returns (*P* = 0.994).

###### 

Baseline characteristics and adherence in both intervention groups

  Variables                                                          CS (*n* = 243)   HB (*n* = 274)   *P*‐value
  ------------------------------------------------------------------ ---------------- ---------------- -----------
  Age (y)                                                            74.0 ± 5.4       74.0 ± 5.6       0.876
  Number of women, *n* (%)                                           139 (57.2%)      161 (58.8%)      0.720
  Height (cm)                                                        156.4 ± 8.7      156.6 ± 8.4      0.803
  Weight (kg)                                                        55.8 ± 10.0      56.1 ± 9.7       0.752
  Body mass index (kg/m^2^)                                          22.8 ± 3.3       22.8 ± 3.0       0.874
  Participation in both initial lectures (%)                         100 (100--100)   100 (100--100)   0.146
  Participation in post‐intervention physical measurement, *n* (%)   205 (84.4%)      204 (74.5%)      0.004
  Daily log return (%)                                               100 (67--100)    100 (50--100)    0.994

Characteristics of the participants are expressed as means ± standard deviation. Participation in both initial lectures and daily log return are reported as median and interquartile ranges. CS, class‐styled; HB, home‐based.

The outcomes of both groups before and after the 12 week intervention are summarized in *Table* [3](#jcsm12504-tbl-0003){ref-type="table"}. Before the intervention, the normal walking speed and TUG test of the HB group were significantly better than those of the CS group (*P* \< 0.05). In addition, the KES of the HB group was tended to be better than that of the CS group (*P* = 0.053). Significant interactions (group × time) were observed between KES, the maximum walking speed, and TUG test (*P* \< 0.05). Although KES was significantly improved after interventions in both groups (*P* \< 0.001), the change in the CS group was greater than in the HB group (*P* = 0.003). The maximum walking speed and TUG test significantly improved after intervention in the CS group (*P* \< 0.01), whereas no such changes were seen in the HB group. Significant time effects were observed in all other variables, such as MT and VJI, in both groups, although no significant interactions were observed (*Table* [3](#jcsm12504-tbl-0003){ref-type="table"}).

###### 

Primary and secondary outcomes before and after the intervention in both groups

<table><thead><tr class="header"><th style="text-align: left;"></th><th>CS (<em>n</em> = 243)</th><th>HB (<em>n</em> = 274)</th><th><p>Time effect</p><p><em>P</em>‐value</p></th><th><p>Interaction</p><p><em>P</em>‐value</p></th><th></th><th></th><th></th><th></th><th></th><th></th></tr></thead><tbody><tr class="odd"><td style="text-align: left;">Primary outcomes</td><td></td><td></td><td></td><td></td><td></td><td></td><td></td><td></td><td></td><td></td></tr><tr class="even"><td style="text-align: left;">Grip strength (kg)</td><td>243</td><td>26.4 ± 7.8</td><td>26.6 ± 7.7</td><td>1.5 (0.03)</td><td>273</td><td>26.9 ± 7.7</td><td>27.1 ± 7.9</td><td>1.1 (0.03)</td><td>0.017 (5.8)</td><td>0.768 (0.1)</td></tr><tr class="odd"><td style="text-align: left;">Knee extension strength (kg)</td><td>239</td><td>27.8 ± 10.9</td><td>31.3 ± 10.9<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>18.5<a href="#jcsm12504-note-0009" data-ref-type="fn">††</a> (0.32)</td><td>264</td><td>29.7 ± 10.9</td><td>31.9 ± 11.2<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>10.6 (0.20)</td><td>&lt;0.001 (110.4)</td><td>0.017 (5.7)</td></tr><tr class="even"><td style="text-align: left;">Normal walking speed (m/s)</td><td>241</td><td>1.35 ± 0.25†</td><td>1.39 ± 0.26<a href="#jcsm12504-note-0006" data-ref-type="fn">**</a></td><td>3.7 (0.15)</td><td>270</td><td>1.40 ± 0.25</td><td>1.43 ± 0.26<a href="#jcsm12504-note-0006" data-ref-type="fn">**</a></td><td>2.8 (0.12)</td><td>&lt;0.001 (16.9)</td><td>0.629 (0.02)</td></tr><tr class="odd"><td style="text-align: left;">Maximum walking speed (m/s)</td><td>238</td><td>1.81 ± 0.32</td><td>1.89 ± 0.34<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>4.7<a href="#jcsm12504-note-0009" data-ref-type="fn">††</a> (0.24)</td><td>269</td><td>1.84 ± 0.34</td><td>1.86 ± 0.34</td><td>1.8 (0.06)</td><td>&lt;0.001 (32.8)</td><td>0.001 (11.1)</td></tr><tr class="even"><td style="text-align: left;">Timed up‐and‐go test (s)</td><td>237</td><td>7.59 ± 2.17<a href="#jcsm12504-note-0009" data-ref-type="fn">††</a></td><td>7.17 ± 2.16<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>−4.7<a href="#jcsm12504-note-0010" data-ref-type="fn">†††</a> (0.19)</td><td>266</td><td>7.07 ± 1.78</td><td>7.00 ± 1.93</td><td>−0.2 (0.04)</td><td>&lt;0.001 (23.0)</td><td>&lt;0.001 (12.4)</td></tr><tr class="odd"><td style="text-align: left;">Five‐time chair standing (s)</td><td>235</td><td>8.36 ± 2.67</td><td>7.34 ± 2.55<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>−9.7 (0.39)</td><td>263</td><td>8.29 ± 2.58</td><td>7.48 ± 2.14<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>−7.3 (0.34)</td><td>&lt;0.001 (85.0)</td><td>0.286 (1.1)</td></tr><tr class="even"><td style="text-align: left;">Chair standing for 30 s (numbers)</td><td>230</td><td>20.1 ± 5.6</td><td>22.6 ± 6.3<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>15.5 (0.42)</td><td>256</td><td>20.2 ± 5.6</td><td>22.4 ± 6.4<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>12.8 (0.36)</td><td>&lt;0.001 (110.4)</td><td>0.479 (0.5)</td></tr><tr class="odd"><td style="text-align: left;">Functional reach (cm)</td><td>241</td><td>35.5 ± 8.0</td><td>36.7 ± 7.4<a href="#jcsm12504-note-0006" data-ref-type="fn">**</a></td><td>6.1 (0.16)</td><td>270</td><td>36.1 ± 7.6</td><td>37.2 ± 7.3<a href="#jcsm12504-note-0006" data-ref-type="fn">**</a></td><td>5.3 (0.15)</td><td>&lt;0.001 (15.5)</td><td>0.876 (0.02)</td></tr><tr class="even"><td style="text-align: left;">Chair stepping (numbers)</td><td>242</td><td>26.3 ± 6.1</td><td>29.0 ± 6.6<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>11.8 (0.43)</td><td>269</td><td>26.3 ± 5.8</td><td>28.7 ± 5.7<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>11.6 (0.41)</td><td>&lt;0.001 (179.1)</td><td>0.412 (0.7)</td></tr><tr class="odd"><td style="text-align: left;">Vertical jump index (m × kg)</td><td>218</td><td>12.1 ± 5.1</td><td>12.6 ± 5.2<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>7.2 (0.10)</td><td>254</td><td>12.3 ± 5.3</td><td>12.8 ± 5.6<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>5.0 (0.09)</td><td>&lt;0.001 (25.1)</td><td>0.855 (0.03)</td></tr><tr class="even"><td style="text-align: left;">Anterior thigh MT (mm)</td><td>242</td><td>41.6 ± 6.5</td><td>42.7 ± 6.3<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>3.2 (0.18)</td><td>271</td><td>42.7 ± 6.6</td><td>44.0 ± 6.5<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>3.5 (0.20)</td><td>&lt;0.001 (66.8)</td><td>0.526 (0.4)</td></tr><tr class="odd"><td style="text-align: left;">Secondary outcomes</td><td></td><td></td><td></td><td></td><td></td><td></td><td></td><td></td><td></td><td></td></tr><tr class="even"><td style="text-align: left;">Daily number of step (numbers)</td><td>233</td><td>5006 ± 2782</td><td>6324 ± 3496<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>1318<a href="#jcsm12504-note-0009" data-ref-type="fn">††</a> (0.42)</td><td>253</td><td>4903 ± 2890</td><td>5595 ± 3447<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>692 (0.22)</td><td>&lt;0.001 (80.0)</td><td>0.006 (7.8)</td></tr><tr class="odd"><td style="text-align: left;">MVPA (METs × hour/week)</td><td>233</td><td>18.1 ± 14.9</td><td>23.8 ± 17.5<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>5.8 (0.36)</td><td>253</td><td>17.7 ± 13.7</td><td>21.2 ± 18.0<a href="#jcsm12504-note-0007" data-ref-type="fn">***</a></td><td>3.5 (0.22)</td><td>&lt;0.001 (58.2)</td><td>0.062 (3.5)</td></tr></tbody></table>

Data are expressed as means ± standard deviation. The changes in primary outcomes are expressed as percentages, while the changes in secondary outcomes are expressed as increments. The *F* values are shown in parentheses in *P*‐value column. The effect size was shown in parentheses in change column. CS, class‐styled; HB, home‐based; METs, metabolic equivalents; MT, muscle thickness; MVPA, moderate‐to‐vigorous physical activity.

\<0.05 vs. before intervention.

\<0.01 vs. before intervention.

\<0.001 vs. before intervention.

\<0.05 CS vs. HB.

\<0.01 CS vs. HB.

\<0.001 CS vs. HB.

There were no significant baseline differences in physical activity. Significant interactions (group × time) were observed regarding the daily number of steps (*P* = 0.006). Although the mean number of daily steps was significantly increased in both groups after the 12 week intervention, the increase in the CS group was significantly greater than in the HB group. Weekly METs hour also increased significantly in both groups (time effect: *P* \< 0.001). There was a trend of a greater increase in the CS group compared with the HB group (*P* = 0.062). The percentage of those with \>10 and \>23 METs × hour/week increased after the 12 week intervention in both groups (\>10: from 67.4% to 73.2% in the CS group, from 68.4% to 73.4% in the HB group; \>23: from 27.2% to 44.2% in the CS group, from 23.6% to 31.6% in the HB group).

Discussion {#jcsm12504-sec-0013}
==========

We examined the effect of the CGIP, delivered with and without supervision, on community‐dwelling older adults. Results showed that daily physical activities were significantly increased and most physical functions, such as KES, were significantly improved in both groups. In addition, anterior thigh MT also increased in both groups. Furthermore, significantly greater improvements in KES, the maximum walking speed, and the TUG test were recorded in the CS intervention compared with the HB intervention. These results support our hypothesis. A particularly meaningful finding was that significant interactions were observed in only three parameters. Thus, there was no significant difference in most training effects between the CS and HB interventions. These results suggest that the CGIP was effective in improving not only physical function and but also muscle mass, which fundamentally supports physical function. This study found that both types of intervention (CS and HB) were effective in improving the physical fitness of older adults. Therefore, we expect that the CGIP will have positive effects on the participants\' lifespan beyond the 12 week intervention, such as decreasing in the number of new long‐term care certifications. Longer‐term follow‐up after this intervention (cluster‐RCT \#1 in *Figure* [2](#jcsm12504-fig-0002){ref-type="fig"}) is needed to confirm such effects.

Several recent guidelines for older adults show that increased physical activity and resistance training provide various health benefits.[20](#jcsm12504-bib-0020){ref-type="ref"}, [21](#jcsm12504-bib-0021){ref-type="ref"}, [48](#jcsm12504-bib-0048){ref-type="ref"} Epidemiological studies have highlighted the positive effects of performing resistance training. Kamada *et al*. reported a quadratic relationship between time in resistance training and all‐cause mortality, and that a moderate amount of resistance training (≥150 min/week) may be beneficial to longevity.[49](#jcsm12504-bib-0049){ref-type="ref"} Stamatakis *et al*. showed that resistance training with body weight yielded comparable health results (e.g. reduction of all‐cause mortality) to gym‐based training.[50](#jcsm12504-bib-0050){ref-type="ref"} In this study, resistance exercise with body weight or rubber band followed a slow movement protocol.[11](#jcsm12504-bib-0011){ref-type="ref"}, [12](#jcsm12504-bib-0012){ref-type="ref"}, [29](#jcsm12504-bib-0029){ref-type="ref"}, [30](#jcsm12504-bib-0030){ref-type="ref"} Some research groups have previously reported the effects of a resistance training programme using such as low movement protocol in a small sample of older participants.[30](#jcsm12504-bib-0030){ref-type="ref"}, [51](#jcsm12504-bib-0051){ref-type="ref"}, [52](#jcsm12504-bib-0052){ref-type="ref"} This study found that the slow movement protocol was effective for preventing sarcopenia regardless of intervention type in a large sample size. The results from the questionnaire survey following the intervention showed that there was no significant difference in exercise frequency per week between the groups (CS 3--4 times, HB 4 times; *P* \> 0.05). Therefore, it would be considered that many participants in both groups completed the programme habitually. We believe that the implementation of a habitual exercise programme induced improvement of physical functions and increased anterior thigh MT in the current study. Therefore, we believe that the CGIP will bring health benefits in the future.

The current study showed greater increase in KES after the CS intervention. Significant improvements in maximum walking speed and TUG were observed in the CS group only. Tanimoto *et al*. reported that the slow movement protocol had a detrimental effect on dynamic sports movements.[53](#jcsm12504-bib-0053){ref-type="ref"} Therefore, several quickly performed exercises were included in this CGIP.[27](#jcsm12504-bib-0027){ref-type="ref"} The post‐intervention questionnaire also showed that the CS group conducted the quick leg raise and quick squats significantly more than the HB group (*P* \< 0.01: unpresented data) when performing the programme in daily life. Greater implementation of the quick exercises may have been due to greater familiarity from the weekly sessions in the CS group, which may have contributed to the significant improvements in KES, maximum walking speed, and TUG found in the current study. Further investigation is needed to understand the effects of quick exercise for older adults.

Physical activity is one of the important factors in preventing sarcopenia and frailty in older adults. On the other hand, a review article suggests that exercise interventions for older adults may lead to decreases in non‐programme‐related physical activity and increases in sedentary time.[54](#jcsm12504-bib-0054){ref-type="ref"} This unintended effect may have a negative impact on the health of older individuals. In our study, the mean number of daily steps significantly increased after both interventions (*Table* [3](#jcsm12504-tbl-0003){ref-type="table"}). Our approaches intended to maintain the participants\' motivation, such as distribution of triaxial‐accelerometer or recording of their own daily step count, may contribute to a significant increase in physical activity in the community‐dwelling older adults.

Nutritional factors are similarly essential for health in older people. Previous studies have shown that nutritional status, particularly protein intake, has a beneficial effect on the prevention of sarcopenia[19](#jcsm12504-bib-0019){ref-type="ref"}, [20](#jcsm12504-bib-0020){ref-type="ref"}, [21](#jcsm12504-bib-0021){ref-type="ref"}, [22](#jcsm12504-bib-0022){ref-type="ref"} or frailty.[55](#jcsm12504-bib-0055){ref-type="ref"}, [56](#jcsm12504-bib-0056){ref-type="ref"} In addition, oral functions, such as feeding and swallowing, are important factors for nutrition intake. Therefore, we designed a multifactorial intervention programme that included several frailty‐related elements for community‐dwelling older adults.[27](#jcsm12504-bib-0027){ref-type="ref"} We consider that approaches to oral function and nutrition in this study may have additionally contributed to improvements in physical function and lower‐limb muscle size.

There were some limitations to this study. First, there was no control group. Owing to the absence of a non‐intervention group, we cannot conclude that physical function did not improve simply as a result of being enrolled in this study. Second, it is noted that the individuals performing the assessments and measurements were not blind to group allocation. Because the participants were allocated according to their region of residence in this study, the participant groups could not be blinded. Although we adopted this approach to avoid social interactions between the participants and intervention arm contamination, we cannot completely exclude the possibility of measurement bias. Third, we think that the clinical significance of the findings should be qualified. This study observed significant improvements in most physical functions in both groups. However, several variables had small effect sizes, despite being statistically significant. For example, the change in grip strength may not be clinically meaningful. The intensity of exercise in the CGIP was low; therefore, it is possible that the effect size induced by the CGIP was not large (0.43 or less). However, it is valuable to know that a practical programme without special equipment improved physical functions in older adults, even though the clinical effect was small. Fourth, the participants of this study were older adults who attended a physical check‐up and conducted the CGIP of their own volition. Thus, they may be more interested in their own health and physical function than other older adults. However, as this study demonstrated positive effects for the selected population, which included participants with diseases such as hypertension or diabetes (*Table* [1](#jcsm12504-tbl-0001){ref-type="table"}), we think that the CGIP is widely applicable. Last, we cannot conclude which specific factors in the CGIP contributed to the short‐term effects of this intervention. The results should be understood as the overall effect of multiple elements. Future research should examine the specific components of this type of intervention to clarify their effects.

Conclusions {#jcsm12504-sec-0014}
===========

The CGIP in the current study, which included exercise, oral function care, and a nutritional guide, resulted in functional improvements and muscle hypertrophy. It is important to note that most physical functions and anterior thigh MT improved even after HB intervention. This result indicates that a programme delivered via a few motivational lectures may be sufficient to prevent sarcopenia and/or frailty if participants habitually follow a programme. Therefore, the HB intervention may be a cost‐effective method to improve physical function and muscle mass.

In this study, the physical fitness of the participants in both groups had a significant improvement. Thus, the intervention may be effective in preventing sarcopenia and/or frailty in the older population, thereby leading to a decrease in the number of new long‐term care certifications.
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